Avantaged business, HBCU or MI participation

Jcrete or severable areas of research in the

Standing in the Science of Military Manpower and

nce BAA 95-01. General Evaluation and Award

<new the proposais for scientific ment of the proposal

L4l comtributions of the proposed effort to the Govemment's

_osals not considered 1o have sufficient merit of relevance to the

45 or those in areas for which funds are not expected to be available

e without further review. Proposals as a result of industry/academic

roects will not be evaluated against each otner since they are ot submitied

_cbroance with 3 common work statement. The primary basis for selecting proposals

o award shall be technical merit. importance to agency programs, and fund

availabiiity. Cost realism and reasonableness shall also be considered. Proposals as @

resutt of Govemment issuanca of solicitations will be evaluated based on techincal and

once consigeranons, Technical areas are technical/management approach, personnel

resources and manning, corporate experiencefaciiities, The complete evaluation criteria

will be included in the Government provided soficitation, together with any other tems

and congitions appropnate for the action. Proposals will be evaluated against each

other, Every effort will be made to protect the confidentiality of the proposal and any

evaluancns. The submitter must mark the proposal with a protective legend if protection

is desired for proprietary of confidential information. Part IV of the BAA provides forms to

be submitted with the proposal. All responses to the CBOD announcement must request

BAA 93-01 for specific informanon about prooosal preparation. Request is 1o be made

in wntng to Nancy Sexton, Code 890-2, P. 0. Drawer 43018, MCLB, Aibany, GA
31704-3018. (0342)

Office of Naval Research, 800 N, Quincy Street Arlington, VA
50

IPLINARY RESEARCH PROGRAM OF THE UNIVERSITY

RESEARCH INITIATIVE POC Point of Contact: D. Hughes, ONR 353, (703)
696-4111. The Department of Defense announces a competition for fiscal year
1995-1999 funding for the Multidisciplinary Research Program, one element of the
University Research Initiative (URI). The Multidisciplinary Research Program of the URI
(hereatter called "MURI™) will support research teams whose efforts intersect more than
one tracitional science and engineering discipline. Such team efforts can accelerate
re583rcn Dogress in areas particularty suited to this approach. Further, MURI programs
are expectad to promote” application of defense research, principally for- defense
purpeses, but also for commercial purpases. Onty non-federal U.S. academic institutions
of higner education with degree-granting programs in science and engineering are
eligible 0 submit proposais. This FY 95 MURI competition is in fourteen specific
research topics: (1) Functionally Tailred Textile Fabrics; (2) Computational Geometry
for Inteligent Systems; (3) Low-Power/Low-Noise Electronics; (4) Intelligent Turbine

' Engines; (5) Manufacturable Power Switching Devices; (6) Autonomous Oceanographic
Sampling Networks; (7) Advanced Biosensor Amays; (8) Advanced Optical Materials; (9)
Reduced Signature Target Recognition; (10) Materials and Processing at the Nanometer
Scale: {11) Computational Electromagnetics: (12) Therapeutics for Advanced Trauma
Care; (13) Advanced Optoelectronic Components for Broacband Communication; (14)
Novel Energetic Materials to Stabilize Rockets. Awards will be made by the Ammy
Researcn Office, the Office of Naval Research, the Air Force Office of Scientific Research,
the Aavanced Research Projects Agency, and the Ballistic Missile Defense Organization.
This rchce constittes a Broad Agency Anncuncement as contemplated in FAR
6:102(0)2. Typically, each award s expected to be (a) for a basic period of three years,
\ith two additional years possibie as options; (0) funded incrementally or as options; (c)
in the rarge of $1 million to 3 million per year; (d) subject to the availability of FY
06-09 funds, Collectively, the agencies pian to award $25 million in FY95 funds for the
first year of these awards, and comparable amounts for each year thereafter (FY 96-93).
White capers, limited to five pages, must be received by the approprizie points of
contact by 4 p.m. Eastern time on Friday, 13 January 1995. Invitations for fotlow-up
proposais will be communicated directly to the Principal Investigator by about 2
February 1995 with proposals due Friday, 10 March 1995, A brochure describes the
research imterests on which the fourteen topics are based, the technical points of
contact. as well as condiions regarding industry participation, consorfia, and
collaborations. It also describes proposal preparation, evaluation criteria, and deadlines.
Brocrures nave been distnbuted fo sponsored progrems offices  nationwide.
Altermatively, the brochure may be accessed througn the Faderal Information Exchange
(FEDIX). Access FEDIX through computer and modem at 800-783-3349 or
301-238-0953, through Intemet (Telnet, FTP or Gopher to “fedix.fie.com” and at log-n
tvpe “aix"), or through WorldWide Web at "HTPP: web.fie.com.” The FEDIX helpline is
301-875-0103. The brochure may be found in the Procurements and Special Notices
section from the ONR menu. Lastly, brochures may be cbtained by sending a seif-
addressed mailing label to Office of Naval Research, Code 353 (MURI'SS), 800 North
Quincy Strest, Adington, VA 22217-5660. Expect mailings to 1ake 2-3 weeks, (0342)

The Commerce Business Daily (USPS 966-360) is published daily, ex-

tag:‘ =eot Saurdays, Sundays and holidays, for $324.00 a year (Ist Class
i ‘T} * mailing) or $275.00 a year (2nd Class mailing) by tre U.S. Govenment
el 2einting Office, Washington, DC 20402. Second. Class postage paid at.
b_usmes. Wasnington, OC and additional mailing offices. POSTMASTER: Send ad-
s‘ds‘eg"m zress changes to Supenntendent of Documents, U.S. Govemment Print-
- T8 PR g Office, Washingion, DG 20402-9373, with entire mailing fabel from
and UnNEASith g jcq e racaived,
HBCUs and Mis

COMMERCE BUSINESS DAILY

Goddard Space Flight Center, Code 287, Greenbelt, MD 20771
A~ AUTONOMOUS STAR TRACKER FOR SOUNDING ROCKET FLIGHT
SOL RFP5-14754/237 DUE 010295 POC Lome L. Eakin, Contract Specialist, (301)

2864241 or. Braciey J Poston. Contracting Officer, (301) 285-6843. NASAGSFC

ntends 10 issue Request for Propesal (RFP)5-14754/237 on or about January 2, 1995
o a sole source basis for a firm fixed prce to Lockheed Missiles and Space Company's
Palo Alto Research Laboratory. Lockheed shall develop, test, and deliver one
Autonomous Star Tracker (AST) that uses a Charged Coupled Device (CCD) for 2

detector and autonomously recegnizes the inertial onentation of its boresight axis. The:.

AST shall be delivered t0 Goddara Space Flight Center (GSFC) for integration into 2
sounding rocket as an experimental payioad. The star tracker must be capable of
sunviving the sounding rocket flignt emvionments and delivering datato the rocket's
telemetry system, The flight will anempt 1o prove that the unit can operate in the "stars
in, quaternion out” moade. The star tracker must be capable of performing autonomous
inemal attitude recognition without a prion attitude knowledge. The star tracker
specifications incluce: 1) The field of view shall be a minumum of 64 square degrees
and shall be nominally square; 2) Systematic esors for individual stars shall be
comected within the tracker, as neaded, such that each axis of the measured tracker
output, exclusive of NEA, shall be less than 10 arc seconds from the true star position in
the tracker coordinaie frame. No additional, etemal calibration shall be required to
meet this specficaton, nor shail any comection be required for stars of various spectral
charactenistics. Accuracy of the quatemion output shall be less than 1 arc second from
*he true inertial onentation. The one sigma emor in a single star position measurement
defined as Noise Equnvatent Angle (NEA) in each ads shall not exceed 5 arc seconds; 3)
The star tracker snail provide instument magnitude information for each star being
tracked 10 an absolute aceuracy of +/- 0.25 magnitude, one sigma. The relative
accuracy between stars in the field of view shall be +/ 0.1 magnitude, one sigma; 4)
The star tracker snall provide position and magnitude information at a 5 Hz rate,
minimum, when tracking stars; ) The star tracker shall acquire, track and provide
inetial data within 30 seconds cf receiving a search command under all specified flight
environmental conditions; 6) The star tracker including intemal hamessing and light
shade shall weigh less than 5 kg; and 7) The star tracker shall consume less than 10
watts under worst c2se conditions wnen used with the 28 +/-7 voit spacecraft bus. The
unit is to be defiversd within 7 months with 3 months of pre and post launch support,
The statutory authority for this procurement is 10 U.S.C. 2304 {eX1), Only One
Responsible Source. Any other persons desiring consideration are requested to fully
identify-their capabilities in writing, within filteen (15) days of the publication of this
synopsis 10 the GSFC Contracting Officer listed above. See Numbered Note(s): 22.
(0342)

NCCOSC ROTE Division Code 02214B 53570 Silvergate Avenue
Bldg A33 San Diego CA 92152-5113

A -~ MAINTENANCE SUPPORT ACDS AND CDES SOL N66001-95-R-0060
POC Contract Specialist, Patricia Oliver, (619)553-2333. Contracting Officer, Pam
Howard. Bid Clerk. JC. Normss, (519)553-4331. The Naval Command Control and
Ocean Surveiflance Center RDTZE Division (NCCOSC ROT&E Oivision) intends to
procure on-site Maintenance Sucport (field engineering services) for the Advanced
Combat Direction System Deveiopment and Evaluation sites (CDES) located in the
NRaD Command, Control, and Communication Systems Integration Test and Evaluation
compiex, Building 500-C, and in e Fleet Combat Training Center complex, Building C-
50. Field engineenng services inciude performing maintenance (both preventative and
comective), modifications, operaticnal checkout, and installation of new or existing
squipment (tactical dispiays, comouter Systems, penpherals and support equipment) as
required. Maintenance snall te performed on a daily basis and field engineering
personnel shall aiso perform routine operation functions to include system start-up and
shut-down, initiation of software systems, mountig of tapes and disks, manual data
entry on both system and analysts terminal and operation of interconnection devices
such as the ANJUSQ-62 High Speed Digital Switch. Support shall be provided five days
oer week, 3 shifts per day, for tabs in building C60 and seven days per week, 3 shifts
oer day, for labs 350/360 in building 600. Field engineering suppart shall also include:
fiaison with the tactcal display manufacturer's factory, computer manufacturer's factory,
and peripheral manufacturers factory; providing special technical documentation and
rapofts, problem analysis reports 2nd procuring emergency spare parts. The requirement
is for a one (1) year base perioa and four (4) option periods of one (1) year each. Itis
estimated that 57,340 hours wui b expended in the base period and 57,340 hours
will be expended for each ogtion year thereafter. A Time and Material contract is
anticipated. The Gavemment shail pravide on-site facility space located in Building C-60
and Building 600. Specific information regarding govemment provided facilities will be
included in the saticitation. AN facities utilized by the contractor in performance of this
contract shall have ciearance to the SECRET level. Cantractor personnel working on-site
must have a SECRET secunty clearance in accordance with the contract security
classification specfication which will be included as an attachment to the solicitation.
NOTE: The Government will nat pay relocation cost. The solicitation document is to be
issued on or about 2/15/35 and close on or about 3/15/95. Interested parties are
invited to respond ta this synopsss. All responsible parties responses will be considered.
For copies of solicitatons only wrizen request will be honored. (0342)

NASA, Johnson Space Center , BH2 , Houston, TX

A - ORBITAL RADAR MEASUREMENT AND ANALYSIS SUPPORT SOL
9BH205-5-01P POC SHARI MILLER, Tel:713483-8504 Contracting Officer:SHARI
MILLER, Tel:713-483-8504 The Govemment contemplates a 3-year contract with
XonTech, Van Nuys, CA, to conduct engineering analysis, requirements definition,
design trade algontm develooment, experiment planning, Orbital Debris Anatysis Sys-
tem (ODAS) maimenance, upgrade, test, & vesification for the character- ization of the
orital debris environment. NASA's ODAS can process and analyze data from the
Haystack & Haystack Auxiliary racar systems to determine the debris flux as 2 function
of size & orbital etements, ODAS was developed 1o allow debris data from other DoD

Issue No. PSA-1240; Monday, December 12, 1994

ragar sysiems 10 De integrated into the processing algorithms & the fistorically evolvin
debins ciata base tertained within the system, Expansion of the system to inciude shap
& mass reouwes 2 thorough knowledge of the cument debris radar data processin
system & harware/soitware architecture; experi- ence with each current and/or futur
debns measurement radar sysiem and its capabilities & planned modes of operation
background in the debns radar measurement program, algorithms t0 process, reduce «
analyze data from mechanical & phased amay radar systems; demonsiraled success ¢
up- graging & integrating modifications into @ compiex system of Silicon Graphic
nhardware & soecial purpose application software, NASA requires the vendor posses
absoiute familiany & detailed knowledge of cument & anticipated radar systems whic
will be prowiing future debris measure- ment data. XoaTech is the only know
company wnich nas the necessary ex- pertise & detailed knowledge of this syster
XonTech ceveloped the cur- rent ODAS software including the size estimation algonthrr
& has unique knowleage & access to perform upgrade medifications to accommodat
addi- tional svstems & to expand the analysis 10 include shape & mass. The Govemmer
anticipates 3 sole Source contract award by February 1995, This procurement is bein
concucted under the NASAJSC MidRange.Test Pro- gram approved by the Office c
Fageral Procurement Policy on 4/16/94, See Note 22, (0342)

B Special Studies and Analyses - Not R&D - Potential Sources
Sought

Commander, Naval Sea Systems Command, 2531 Jefferson Davis
Highway, Arlington, VA 22242-5160 g
B - NAVY AIR DEFENSE SURVEILLANCE PROGRAM WHITE PAPER POC
Bill Arciciacona, (0254R); (703)602-7900; Contracting Officer, Michael Gutermuth
(0254), (703)602-7300; Captain M. Cassidy, (202)767-3403. The Nawy ha:
established a Survetlance Technology Insertion Team (STIT) to identify, advocate anc
facilitate technology insertion opportunities for all Nawy Alr Defense surveiflance
ofograms ana is interested in developing a focused approach to expedite syster
transition of ongoing 2ir defense surveitlance system technology. To meet that objective
we are soliciting industry to submit white papers, not in excess of three pages, the
descnbe ongoing advanced- air defense surveillance system programs which may be ¢
intersst 10 te STIT, Each white paper should be formatted to include the following
Program Tide: (Offic:al Title plus acronym}; Executing Agent: (By organization and nam:
plus. telephone number); Operating Emvironment: (Space, Airbome, Surface); Funde:
By: (Govemment Agency Name/Commercial IRAD/other); Summary: (One paragrap:
summary of program); Concept of Operations: {How used in operational system)
Descnption of - System: (Provide - system details); Technical: (Riskftechnicz
acmievementyexpected  performancefetc...);  Transion:  (Present and  futur
opporunities); Funding: (Past, present and added requirements); There is no preser
funcing appropriaied for this effort and .therefore no award will result from thi
announcement, however, the Navy intends to pursue more detailed interactions in th
future, Interested parties should submit white papers by 6 January 1995 t
Commanding Officer, Navai Research Laboratory, 4555 Overiook Ave, SW
Washington, D.C. 20375. (0342)

C Architect and Engineering Services - Construction

DA, Tulsa District, Corps of Engineers, POB 61, Tulsa, 0K
74121-0061 ATTN:A-E Contracts & Documents Section
C - B-2 ADDITION TO HANGAR FIRE PROTECTION, BUILDING 24(
TINKER AIR FO RCE BASE, OKLAHOMA POC Contact: Sheron Carpenter, A-
Contracty/Dacuments Section, 1645 S. 101 E. Ave, Tuisa, OK 74128, 918/669-704!
1. CONTRACT IMFORMATION: A fim fixed-price architect-engineer contract wil t
negonzted for orocucing final design and construction phase sewvices (Opdion) f
subiect project. This orocurement is unrestricted, The anticipated contract award date
January 24, 1995 2nd the final design completion cate is August 1995. If a lan
nusiness is selecten for this contract, it must comply with FAR 52.219-9 regarding !
requirernent for 2 suncontracting plan on that part of the work it intends to subcontrar
For your informacn, the subcontracing goals for Tuisa District are 60% for sm
business and 9.3% for small disadvantaged business. The plan is nat required with
suommal. 2. PROJECT INFORMATION: Key elements of this project are modification
existing aircart maintenance hangar 1 provide fire suporession system and adaptati
35 a fuel cell rzpair hangar. System to be preaction (cicsed head) aqueous film formi
foam AFFF mentor mozzles, and combustible and loxc gas detection/alamm syste
Building atteranons include wench drain, vapor tght electrical wiring piping 3
necessary utilities. Title Il services may be required 2s a part of this contract
pannering commitment wili be required. The estimated construction cost is between
million and S10 million. 3. SELECTION CRITERIA: See Note 24 general select
process, The slaction criteria in descending order of importance are: . Qualif
registered professional personnel with experience in the following disciplines, but
limited 10 : fire protection, mechanical, electrical, structural, civil and architectural;
Specialized experience and technical competence in (1) fire protection system,
building modiicaton design, (3) construction cost estimating 2nd preparation
espmates on |3M-Compatible persanal computers using Comps of Engineers Compi
Aiged Cost Estimating System (M-CASES Gold) (soffware provided), (4) producing cA
drawings using ether Intergrahp 1DGS, Micro Statien 32, or Micro Station PC,
producing cuality cesigns, (6) abilfty to access a Computerized Automated Bev
Management Sysiem (ARMS) via modem, and (7) consiruction phase semice
Suficient capacay ‘o submit the final design by August 1935; d. Past performanct
DOD 2nd otner contracts with respect to cost contret, quality of work and complia
with delivery screcules; e, Volume of DOD contract awards in the last 12 month
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' 7 CcCERTIFICATIONS

The folﬂowin% certifications apply to Proposal Entitled:
Manutacturable Power Switching Devices"

The undersigned certifies, to the best of his or her knowledge and belief, that:

(a) Pursuant to the requirements of OMB Circular A-125, this organization certifies that it is not delinquent on

any Federal debt.
(b) Pursuant to Executive Order 12549 and implementing rule, this organization certifies that it presently is not

debarred, suspended, proposed for debarment, declared ineligible or voluntarily excluded from covered

transactions by any Federal department or agency.
(¢) Pursuant to PL 100-690 and implementing final rule, effective 24 July 1990, this organization certifies that it

will provide a drug-fres workplace. The place of performance is:

Purdue University, West Lafayette, IN 47907, Tippecance County
Street Address City, County, State, Zip Code

2. The following certification applies only to actions exceeding $100,000:

Section 1352, Title 31, U.S.C. (PL 101-121, Section 319) entitled "Limitation on use of appropriated funds to
" influence certain Federal contracting and financial transactions".

(1) No Federal appropriated funds have been paid or wiil be paid by or on behalf of the undersigned, to
any person for influencing or attempting to influence an officer or employee of an agency, 2 Member of
Congress, an Officer or employee of Congress, or an employee of a Member of Congress in connection with the
awarding of any Federal contract, the making of any Federal grant, the making of any Federal loan, the entering
into of any cooperative agreement, and the extension, continuation, renewal, amendment, or modification of any
Federal contract, grant, loan, or cooperative agresment.

(2) If any funds other than Federal appropriated funds have been paid or will be paid to any person for
influencing or attempting to influence an officer or employee of any agency, a Member of Congress, an officer or
employee of Congress, or an employee of a Member of Congress in connection with the Federal contract, grant,
loan, or cooperative agreement, the undersigned shall complete and submit Standard Form-LLL, "Disclosure
Form to Report Lobbying", in. accordance with its instructions.

(3) The undersigned shall require that the language of this certification be included in the award
documents for all subawards at all tiers (including subcontracts, subgrants, and contracts under grants, loans, and
cooperative agreements) and that all subrecipients shall certify and disclose accordingly.

This certification is 2 material representation of fact upon which reliance was placed when this transaction
was made or entered into. Submission of this certification is a prerequisite for making or entering into this
transaction imposed by Section 1352, Title 31, U.S.C. Any person who fails to file the required certification
shall be subject to a civil penalty of not less than $10,000 and ot more than $100,000 for each such failure.

ILouis Pellegrino, Associate Director
Typed Name and Signature of the Officer responsible for this transact:on

Purdue Research Foundation July 10, 1995

Organization Date
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Purdue University

School of Electrical
and Computer Engineering July 7, 1995

Dr. Al Goodman

Office of Naval Research, ONR-312
800 North Quincy Street

Arlington, VA 22217-5660

Dear Dr. Goodman:
The enclosed proposal entitled “Manufacturable Power Switching Devices” is being

submitted in response to the BAA in the Commerce Business Daily of 12 December 1994 for the
Multidisciplinary Research Program of the University Research Initiative.

Sincerely,

James A. Cooper, Jr.
Professor of

Electrical Engineering

Electrical Engineering Building * West Lafayette, IN  47907-1285 < FAX (317) 494-6441



Purpue ReseArcH FounDATION

&

September 20, 1995

" DIvISKPN ©OF
T SPONBORED PROGRAMS
 Ms. Cletissa Colegan

: Off pf Naval R¢xcurch
- 800 W Quincy ' Streel

Arlin VA 22317-5660

RE: Proposa) Submitted by James A. Cooper

" "Mangfacturable Rower Switching Devices"
' DSP Héf No.: Y165

Dear I}is Colsman:

This ig in reply to your inquiries about the relationship between Purdue Research Foundation (PRF) and
:Universityi(PU).

negotiate grants and contracts for Purdue University Principal Investigators; facilitates the

of patents on University faculty developments; asccepts gifts; ucquires and develops property;
forms other services helpful 10 Purduc University. PRF's objectives are exclusively to aid Purdue
University.

in an Agreement signed by the Boards of Trustees of Purdue University and Purdue Research Foundation
on July i, 1959, Pardue University agreed to provide the personnel and facilities necessary to carry on the
investigations and research projects which are proposed by Purdue University faculty and submitted on
their bghalf by the Purdue Research Foundation to public or privale organizations outside the University.

1 trust jthat the above information will clarify the relationship between Purdue University and Purdue
Reseatch Foundation satisfactorily. ([ { can be of further assistance 1o you, please feel free to eall me a

(317) $94-6205.

Sincerely,

Louis Pellegrino, Ph.D.
Associate Director

Ref: 430 1285-1348

1021 Hovor HALL » WEsT LAFAYRETTE, IN a79D7.1021
(317) 494-8200 = TELEFAX (317) 464-8323

i
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FACSIMILE TRANSMITTAL

Name: /W LrcsZioan
Location: ON K.
Telephone: (703) 496-45/6  FAX: {70 2) 596 0993

FROM:

Name: Lhat sager)

Locaﬁon:- Purdue Um‘;Ei‘SltW '

Telephone: (317) 494- 3/ FAX: (317) 494-6441
Total number of /

pages (including cover): ?

Additional information:

1285 Electrical Engineering Building = West Lafayette, IN 47907-1285
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School of Electrical

and Computer Engineering August 30, 1995

Ms. Curtissa Coleman Phone: (703) 696-4516
Office of Naval Research _ FAX: (703) 696-0993
800 N. Quincy St.

Arlington, VA 22217-5660
Dear Ms. Coleman:

I am FAXing a revised budget (consisting of new pages for the overall contract and for
Cree Research) along with travel justification information for Purdue University and the four sub-
contractors on our MURI program on Manufacturable Power Switching Devices. If everything
seems in order, I will send these pages to get official university signatures and have the signed
versions sent to you via Federal Express.

Please call me at (317) 494-3514 if you find anything wrong or missing with these pages.
I will wait to hear from you before sending these pages for university signatures.

Thank you for your help in this matter.

Sincerely,

James A. Cooper, Jr.
Professor of Electrical and
Computer Engineering

1285 Electrical Engineering Building +« West Lafayette, IN 47907-1285
PHONE (317) 494-3514 = FAX (317) 494-6441 + E-MAIL: cooperj@ecn.purdue.edu

z 4pvd ' ISP ob6bL IET ' I8 ANAYND 1€:%1 (aFm) 66, Of »AY



** CONFIDENTIAL ** page 34

13. Cost_Proposal

A detailed budget follows. Below is a discussion of the travel and capital funds requested,
and of the cost sharing.

The travel funds in the budget will be used to attend scientific meetings for the purpose of
presenting the developments of this program and keeping abreast of developments in the areas of
power devices and silicon carbide/III-V nitride materials. Travel funds will also be used to attend
any program reviews and for any necessary meetings between the subcontractors and Purdue.

" The University of Texas at Austin is budgeting for three items of capital equipment in the
first year. The first items are mass flow controllers required for modifications of the existing
MOCVD system to provide for the installation of additional dopant sources. The second item is a
vachum pump required for additional pumping speed because of the high flow rates of ammonia
and hydrogen. The third item is a dewar required for variable-temperature Hall effect
measurements and variable-temperature photoluminescence studies.

Howard University requests capital funds in the first year for an atomic force microscope
(AFM). The AFM will be used to analyze the nature of the surface right after initiating growth.

Rensselaer Polytechnic Institute is requesting capital funds for two items. In the first year
RPI will purchase a parametric analyzer, which will be used for static characterization of devices
such as pn diodes and bipolar junction transistors. In the second year RPI will purchase a puise
generator, capacitance-voltage meter, and a personal computer to enable dynamic switching of
power devices and capacitance-voltage measurements of MOS structures and Schottky diodes. The
computer will allow interfacing of the various pieces of equipment for data acquisition.

Purdue University requests capital equipment funds in the first year of this program for the-
purchase of an LCR meter for MOS interface characterization and a vacunm annealing furmace for
ohmic contact annealing. In the second year we request capital equipment funds to purchase an
additional Micromanipulator probe station and new thermal oxidation tubes for MOS interface
optimization.

Purdue University will provide $50,000 per year ($250,000 during the five years of the
MURID) in cost sharing. Rensselaer Polytechnic Institute will contribute an amount equal to
approximately 20% of their budget in the form of cost sharing. This amounts to about $40,000 per
year for five years. Cree Research will provide cost sharing in the form of a 1:1 match of up to
$100,000 per year ($500,000 during the five years of the MURI) for the purchase of material by
the other members of this program. In addition, Cree will provide cost sharing in the form of a 1:1
match of $33,075 per year ($165,375 during the five years of the MURI) for the material that Cree
uses in the pursuit of this program.

The total cost sharing during the five years of the MURI program by Purdue, RPI, and
Cree will be approximately $1,121,321.

£ ‘Hovd Tov9PaPLIETL Ad ANGAYENd I9: %1 (QEM) S6 . 0£ '2nv



PAGE. 4

13174946441

(WED) 14:52 PURDUE EE

'95

AUG. 30

A Salaries and Wages
1. Senior Personnat
J. Cooper
M. Melloch
J. Woodall
J. Gray
2. Other Personnel

P. Chin
Grad Sludenis

AY
§S
AY
Ss
AY
S8
AY
S8

FY
AY
S8

Total Salaries & Wages

Grad fee remission

Total Compensation

B. Fringe Benefits
Total fringe benefils

C. Total Campensation and Fringes

D. Non-Personnel direct costs

Communications
Travel - Domeslic
Travel - Foreign

Publication & Duplication

Supplies & Expenses

Scientlfic Equipment

SiC Purchases
Sub-Conlracts

University of Texas

Cree Research

RPI

Howard University

35%
2.0mns
25%
1.5 mns
10%
1.5mns
5%
Smn

25%
50%
3.0 mns

Total non-personnel direct costs

€. Total direct cost

F. Indirect cos- MTD cost

G. Tolal cosl

@
&)

TOTAL BUDGET

8/95-7/96 8/95-7/97 B/97-7/98 Sub-Tatal B/98-7/99 8/99-7/00 Sub-Total TOTAL
$210,640
$110,024
$118,012
$72.695
$67,990
$104,703
$3,658
$3,805
$43,448
$691,122
$211,483
$206,938 $318,710 $331,458 $947,106 $338,468 $352,006 $690,474 $1,637 580
$20,708 $25.260 $27,640 $73,699 $30,260 $33,120 $63,380 $137,079
$317,737 $343,570 $359,088 $1,020,805 $368,728 $385,126 $753,854 $1.774,659
$360,333 $385,643 $402,648 §1,148,624 $414,884 $429,834 $841,718 $1,990,542
$2,000 $2,080 $2,163 $6,243 $2,250 $2,340 $4,590 $10,633
$11,000 $13,520 $14,061 $38,581 $14,623 $15,208 $20,831 $68,412
$4,000 $0 $4,000 $8,000 $0 30 $0 58,000
$6,000 $6,240 $6,490 $16,730 $6,749 $7,010 $13,768 $32,498
$73.462 $75,520 $80,015 $226,997 $62,629 $89,617 $172,446 8401 443
$54,442 $64 557 $0 $110,099 30 30 0 $118,999
$100,000 $100,000 $100,000 $300,000 $100,000 $65,000 $165,000 5465,000
$422,136 $416,284 $432,559 $1,270,979 $440,194 $457,783 $897,977 $2,168,956
$275,962 $206,713 $295.913 $657,988 $295,478 $294,420 $589,658 $1,447,886
$199,999 $200,001 $200,001 $600,001 $190,247 $169,839 $380,086 $080,087
$249,948 $249,712 $249,647 $749,307 $239,948 $239,473 $479,421 $1,228,728
ol
$1,396,949 $1,414,027 $1,384,849 $4,197,825 $1,372318 $1,260,699 $2,733,017 $6,930,842 &
(]
$1,759,262 $1,799.870 $1,767,497 $5,346,649 $1,784,202 $1,790,533 $3,574,735 $8,021,384 &

52 090,000

52 090,000

$2,080,000

$2,090,000

$6,270,000

$2, 090000

__§4,180,000

$10450 000
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Total Base Contract Cost. $977,058

1. Clean Room Processing

2. Package & Test Department Costs
Direct Labor Hours
P & T Technicians {$11.25/hr)

Total P & T Labor
P & T Fringes (- Base)
P & T Overhead - Base)

Total P & T Department Costs

3. Mfg. Admin. Expenses

= Total Direct Costs x SR

Total Mrg. Direct Costs +
Mfg. Overhead

4. R & D Department Costs
R & D Labor

Pi - John W. Paim

PM - Calvin Cartel

Ranbir Sing

Doug Waltz

Total R & D Labor

R & D Fringe & Occupancy

(-

R & D Overhead (29.78% x Base)

Total R & D Department Costs

Subcontract - Cree Research Incorporated pg. 1
Cost of Base to Government: $857,988 Cost of Option to Government: $580,808
8/95-7/86 8/96-7/37 B/97-7/98 Sub-Total 8/98-7/99 B8/8S-7/00 Sub-Total TOTAL
$50,000 $50,000 $50,000 $150,000 $50,000 $56,000 ' $100,000 $250,000
200 200 300 300 300
$2,250 $2,340 $3,650 $8,240 $3,796 $3,948 $7,744 $15,984
$2,250 $2,340 $3,650 $8,240 $3,796 $3,048 57,744 $15,984
$637 $663 $1.034 $2,334 $1,075 $1,118 $2,193 $4,527
$3,474 $3,613 $5,636 $12,723 $5,861 $6,086 $11,857 $24,880
$6,361 $6,616 $10,320 $23,297 $10,732 $11,162 $21,894 $45,191
$8,460 $8,488 $9,054 $26,012 $9,116 $9,180 $32,144 $58,156
$64,821 $65,114 $69,374 $199,309 $69,848 $70,342 $154,038 $363,347
200 200
$51,044
$43,099
$169,260
$45,810
$67,218 $59,507 $65,374 $182,089 $62,311 $64,803 $127,114 $309,213
IO
@
$17,040 $17,721 $19,468 $64,229 $18,556 $19,298 $37,854 $92.083 W
$90,468 $94,£86 $103,362 $287 916 $98 520 $102,460 $200,880 $468,896

2
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. Services

lon Implantation
Poly Si Deposition
Deposited Oxide

Total Services

. Supplies and Materials

a. SiC Wafers w/ Epi {Catalog Pricing)
b. Photomasks

Total Supplies and Materials

. Travel

Total Direct Cost and Overhead

. G & A Expenses
‘( Total Direct Cost)

Subtotal

. Facilities Capital Cost of Money

Total Cost
Less Cost Sharing

Cost to Government

Subcontract - Cree Research Incorporated pg. 2
$4,4004 $4,400 $4,400 $13,200 $4,400 $4,400 $8,800 $22,000 -
$9,000 $9,000 $9,000 $27,000 $9,000 $9,000 $18,000 $45,000
$10,000 $10,000 $10,000 $30,000 $10,000 $10,000 §20,000 $50,000
$23.400 $23,400 $23,400 $70,200 $23,400 $23,400 $46,800 $117,000
$79,380 $79,380 $79,380 $238,140 $79,380 $79,380 $158,760 $396,900
$10,000 $10,000 $10,000 $30,000 $10,000 $10.000 $20,000 $50,000
$69,380 $69,380 $89,380 $268,140 " $89,380 $89,380 $178,760 $446,800
$7,594 $12,254 $7.594 $27,442 $12,264 $7.594 $18,848 $47,290
$275,663 $284,234 $283,110 $853,007 $293,402 $293,176 $600,426 $1,453,433
$33,438 | $34,47€ $35,554 $103,470 $35,5690 $35,662 $96,068 $199,538
$309,101 $318,712 $328,664 $856,477 $328,892 5328,738‘ $696,494 $1,652,971
$6,551 $7.091 $6,339 $20,581 $6,176 $5,372 $11,648 $32,129
$315,6852 $325,803 $335,603 $977,058 $335,168 $334,110 $708,042 §1,685,100
$39,690 $39,690 $39,690 $119,070 $39,600 $38,8890 $79,380 $188,450
$275,862 $286,113 $2956,913 $857,988 $285 478 $2084,420 $628,662 $1,486,650

g afed

T
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Travel Justification for Purdue University

Year 1 Domestic
Travel

Semicon@uctor Interface Specialists Conf., Charleston, SC (December 1995)

Airfare $500

Lodging - $200

Registration $250

Subsistence (3 days) - $250

Total ' $1200 x 1 person = = $1200
WOCSEMMAD Conf,, Sante Fe, NM (February, 1996)

Airfare $700

Lodging $300

Registration ' $200

Subsistence (3 days) $200

Total $1400 x 1l person = $1400
Device Research Conf. and Electronic Mat’ls Conf., Santa Barbara, CA (June, 1996)

Airfare $800

Lodging $350

Registration $250

Subsistence (7 days) $200 (some meals covered in lodging package)

Total $1600 x 3 people = $4800
MURI Program Review, Washington, DC

Airfare $500

Lodging : - $200

Subsistence (2 days) $200

Total $900 x2people = $1800
Two (2) technical visits to Cree Research, Durham, NC

Airfare , $500

Lodging 3200

Subsistence (2 days) $200

Total | $900 x 1 person x 2 visits = $1800

TOTAL FOR YEAR 1

Il

$11,000

L DY 17P9P6PLIETL HE Andind E5i® T (dAM) S96, DE NV
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Year 2 Domestic
Travel

Int’l Semiconductor Device Research Symp., Cha:lottesvﬂle VA (December 1996)

Airfare $500
Lodging . 5200
Registration $250
Subsistence (3 days) $250
Total $1200 x 1 person = $1200
Semiconductor Interface Specialists Conf., Location Unknown (December 1996)
Airfare $500
Lodging $300
Registration $200
Subsistence (3 days) $250
- Total $1250 x 1 person = $1250
WOCSEMMAD Conf., Locatmn Unknown (February 1997)
Airfare : $700
Lodging 7 $250
Registration $200
Subsistence (3 days) $200
Total $1350 x 1 person = $1350
Device Research Conf. and Electronic Mat’ls Conf., Boulder, CO (June 1997)
Airfare $730
Lodging 3400
Registration $200 .
Subsistence (7 days) $200 (some meals covered in lodging package)
Total | $1530 x4 people = $6120
MURI Program Review, Washington, DC
Airfare $500
Lodging $200
Subsistence (2 days) - %200
Total $900 x2people = $1800
Two (2) technical visits to Cree Research, Durham, NC
Airfare $500
Lodging $200
Subsistence (2 days) $200
Total $900 x 1 person x 2 visits = $1800
TOTAL FOR YEAR 2 = $13,520

g 'HOVd I1#%#9¥P6¥%L1E1T 7 INTENd PSP L (gEM) 56
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Year 3 Domestic
Travel

Int’] Semiconductor Device Research Symp., Charlottesville, VA (December 1997)

Airfare $500
Lodging $300
Registration $250
Subsistence (3 days) 5250
Total $1300 x 1 person = $1300

Semiconductor Interface Specialists Conf., Unknown Location (December 1997)

Airfare 3511
Lodging $400
Registration $200
Subsistence (3 days) $300 -
Total $1411 x 1 person = $1411
WOCSEMMAD Conf., Unknown Location (Febrary 1998)
Airfare $700
Lodging 3300
Registration $200
Subsistence (3 days) $200
Total $1400 x1person = 31400
Device Research Conf. and Electronic Mat’ls Conf., Charlottesville, VA (June 1998)
Airfare $470
Lodging $400
Registration $200
Subsistence (7 days) $200 (some meals covered in lodging package)
Total $1270 xSpeople = $6350
MURI Program Review, Washington, DC
Airfare : $500
Lodging : $200
Subsistence (2 days) $200
Total $900 x2people = $1800
Two {2) technical visits to Cree Research, Durham, NC |
Airfare $500
Lodging $200
Subsistence (2 days) $200
Total | $900 x 1 person x 2 visits = $1800
TOTAL FOR YEAR 3 = . 314,061
6 "Anvd 1+PobaePLlic]d 33 HEndynd iRl (QAM) S6 .,
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Year 4 Domestic
Travel

Int’l Semiconductor Device Research Symp., Charlottesville, VA (December 1998)

Airfare $550

Lodging $400

Registration $250

Subsistence (3 days) $250

Total $1450 x 1 person = $1450
Semiconductor Interface Specialists Conf., Unknown Location (December 1998)

Airfare ' $550 :

Lodging $323

Registration $200

Subsistence (3 days) $300

Total ‘ $1373 x 1 person = 351373
WOCSEMMAD Conf., Unknown Location (February 1999)

Airfare $700

Lodging $300

Registration $200

Subsistence (3 days) $200

Total $1400 x 1 person = $1400
Device Research Conf. and Electronic Mat'ls Conf., Santa Barbara, CA (June 1999)

Airfare $800

Lodging $400

Registration $200

Subsistence (7 days) $200 (some meals covered in lodging package)

Total _ $1600 x 4 people = $6400
MURI Program Review, Washington, DC

Airfare $550

Lodging - $250

Subsistence (2 days) $200

Total $1000 x 2 people = $2000
Two (2) technical visits to Cree Research, Durham, NC

Alrfare $550

Lodging $250

Subsistence (2 days) 5200

Total $1000 x 1 person x 2 visits = $2000

TOTAL FOR YEAR 4 = $14,623

1+29P6b4L1ET H¥ HNAQHENd PSPl (dIM) S6 .
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Year 5 Domestic
Travel

Int 1 Semiconductor Device Research Symp., Charlottesville, VA (December 1999)

Airfare $550

Lodging $400

Registration $250

Subsistence (3 days) $250

Total $1450 x1person = $1450
WOCSEMMAD Conf., Unknown Location (February 2900)

Airfare $708

Lodging $300

Registration $200

Subsistence (3 days) $200

Total $1408 x 1 person = $1408
Device Research Conf. and Electronic Mat’ls Conf., Boulder, CO (June 2000)

Airfare $870

Lodging $400

Registration $200

Subsistence (7 days) $200 (some meals covered in lodging package)

Total $1670 x 5peocple = $8350
MURI Program Review, Washington, DC

Airfare $550

Lodging $250

Subsistence (2 days) $200

Total $1000 x Zpeople = $2000

Two (2) techrnucal visits to Cree Research, Durham, NC

Airfare $550
Lodging $250
Subsistence (2 days) $200
Total $1000 x 1 person x 2 visits = $2000
TOTAL FOR YEAR 5 = $15,208

11 '9ovVd 1PPovePLIET I INdEnd 551 (QIM) 56 .
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Year ] Foreign
Travel

Int’l. Conf. on Physics of Semiconductors, Berlin (July 21-26, 1996)

Airfare

Lodging
Registration
Subsistence (6 days)

Total

$1000
$400
$200
$400

$2000 x 2 people =

Year 3 Foreign
Travel

$4000

Int’l. Conf. on Silicon Carbide and Related Compounds, Germany (October 1997)

1 '§Ovd

Airfare
Lodging
Registration -

" Subsistence (6 days)

Total

T+¥#9P6RLIE]L

$1000
$400
$200
$400

$2000 x2people =

HY ANQHnd

$4000
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Travel Justification for the University of Texas at Austin

Conference | =~ Location ~Dates | Airfare | Lodging | Registr. | Subsist. | Total No. Total
' Cost People | Trip
Dev. Res. Santa Barbara | 6/1/96 -- 500 350 250 200 1300 2 2600
Conf. CA 6/4/96 :
Elect, Mat. Santa Barbara | 6/4/96 -- 295 295 2 590
Conf. CA 6/6/96
ICMOVPE | Cardiff, Wales | 4/1/96 -- 1200 300 350 210 2060 1 2060
UK 4/4/96

MBE Pepperdine . 10/1/96 -- 600 300 250 200 1350 1 1350
Conference |{CA 10/4/96

wERkFFF  YEAR 1 TOTAL = $6600
Dev. Res. Golden CO 6/1/97 -- 750 350 250 200 1550 2 3100
Conf. 6/4/97
Elect. Mat. Golden CO 6/4/97 -- 300 300 2 600
Conf. 6/6/97
OMVPE Palm Springs [ 4/1/97 -- 750 300 350 174 1574 1 1574
Workshop CA 4/4/97
MBE Univ. Campus | 10/1/97 -- 750 300 300 200 1550 1 1550
Workshop USA 10/4/97

**ekxk  YEAR 2 TOTAL =$6824
Dev. Res. Charlottesville | 6/1/98 -- 750 350 250 200 1550 2 3100
Conf. VA 6/4/98
Elect. Mat, Charlottesville §{ 6/4/98 -- 325 325 2 650
Conf. VA 6/6/98
ICMOVPE | Williamsburg {4/1/98 -- 750 400 375 200 1725 1 1725

VA 4/4/98 ‘

MBE Univ. Campus | 10/1/98 -- 750 332 300 200 1582 1 1582
Workshop USA 10/4/98

*rxdrk  YEAR 3 TOTAL =§7057

{NMK
!
: ;
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Dev. Res. Santa Barbara | 6/1/99 -- 750 350 275 200 1575 2 3150
Conf. CA 6/4/99
Elect. Mat. Santa Barbara {6/4/99 -- 325 325 2 650
Conf. CA 6/6/99
OMVPE Palm Springs {4/1/99 -- 750 400 356 200 1706 1 1706
‘Workshop CA 4/4/99
MBE | Univ. Campus | 10/1/99 -- 750 300 300 200 1550 1 1550
Workshop USA 10/4/59 ‘

**¥¥fx¥% YEAR 4 TOTAL =$7056
Dev. Res. Boulder CO | 6/1/00 -- 650 350 250 200 1450 2 2900
Conf. 6/4/00
Elect. Mat. Boulder CO 6/4/00 -- 325 325 2 650
Conf. 6/6/00
ICMOVPE | Paris, France |4/1/00 -- 1300 300 350 248 2198 1 2198

4/4/00

MBE Univ. Campus | 10/1/00 -- 750 300 300 200 1550 1 1550
Workshop USA 10/4/00

*EEXEFF  YEAR 5 = $7298

P
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Travel Justification for Ci'ee Research, Inc.

Item 7 - Teavel
a. | Day 2 Person Trin to Washingron, DC (2 ger year)
Airfare - RDU to Washington Narional (RT) is $200 x 4 = $800

Per Diem - 835 x4 = S§140

b. | Day 3 Person Trip to Purdue (3 per year)
Ajrfare - RDU to West Layfuyette (RT) is $538 x 6 = 535,228
Per Diem - §35 X 9 = 3315 '
Lodging - $85 x 3 = $235
Rental Car - 340 x 3 = 3120

4 Day 2 Person East Coast Conterence (1 per year)

c.
Ajrfara - RDU to Boston (RT) is $620 x 2 = §1.240
Per Diem - 8§35 x 8 = 5280
Lodging - 3110 x 4 = 3440
Rental Car - 344 x4 = 5176
Conference Regiswarion Fee - $300 x 2 = $600

d. 4 Day 2 Person Ovegseas Conference ( I Year 2: | Year 4))

Airfare - RDU to Frapkfurt (RT) is $1.400 % 2 = 52.300
Per Diem - 560 x 10 = $600

Lodging - $140 x 4 = 3560

Other Transportation - S200

Registration Fez - $250 x 2 = 3500

In Years L, 3. and 5 the wips listed in a), b) and ¢) will be taken at a cost of $7,594 per year. In
Years 2 and 4, we will attend the International Conference on Silicon Carbide and Related
Materials, which will be held overseas in these years and is shown in d), ia addition to those uips
listed in a), b), and c) ac a cost of 312,254 per year.

ATT, 2 IMONY 13- Ze SOMMIUNMISATION Nz iEZ FAGE. £
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Travel Justification for Rensselaer Polytechnic Institute

Year 1
IEDM Washington, DC Dec., 1995
Airfare ' $400
Lodging $250
Registration - - $200
Subsistence (3days) $150
Total $1000 x 2people=  $2000
TOTAL FOR YEAR 1 $2000
Year 2
I_EDM San Francisco, CA Dec., 1996
Airfare $700
Lodging 3300
Registration $200
Subsistence (3 days) - $200
Total $1400 x 1person= $1400
Technical visit to Purdue University, June 1997
Airfare $400
Lodging $200
Subsistence (1 day) $ 60
Total $660 xlperson= $ 660
TOTAL FOR YEAR 2 $2060
Year 3
IED—D;I Washington, DC Dec., 1997
Airfare $500
Lodging $250
Registration $250
Subsistence (3 days) $200
Total $1200 x2people= 32400
91 'IDVd 1PP9P6FLIE L g3 dndu¥nd 98: %1 (dEZM) 56, 0€ DNV



Technical visit to Purdue University, June 1998

Alrfare . %462
Lodging 5200
Subsistence (1 day) $ 60
Total $722 xlperson= $722
TOTAL FOR YEAR 3 $3122
Year 4 '
IEDM San Franscisco, CA Dec., 1998
Airfare $758
Lodging $350
Registration $300
Subsistence (3 days) $200

Total $1608 x2people= $3216

TOTAL FOR YEAR 4 $3216
Year 5
IEDM Washington, DC Dec., 1999
Airfare $580
Lodging $250
Registration $250
Subsistence (3 days) $200
Total $1280 x2people= $2560
Technical visit to Purdue University, June 2000 '
.Airfare $462
Lodging ‘ $200
Subsistence (1 day) $ 50
Total $752 xlperson= §$752
TOTAL FOR YEAR 5 - $3312
LT "dAavd 1v¥F9vePLIET

HE HnddAnd LGP L (QAM) 96
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Travel Justification for Howard University

YEAR ONE:

Device Research Conference and Electronic Materials Conference
Santa Barabara, California, June 1996 (1 trip/1 person)

Airfare $ 800.00

- Lodging : 300.00
Registration 250.00
Sustenance (7 days) 155.00
$1,505.00

Purdue University, West Lafayette, Indiana (2 trips/1 person) July, 1996
PURPOSE: Technical Discussion

Airfare $ 400.00
Lodging 72.00
Sustenance (1 1/2 days) 40.00

$ 512.00 (x 2 = $1,025)
TOTAL FOR YEAR 1 = § 2530.00

YEAR TWO

81l "Fovd

Device Research Conference and Electronic Materials Conference
Boulder, Colorado, June 1997 (1 trip)

Airfare ' $ 850.00
Lodging - 350.00
Registration 250.00
Sustenance (7 days) 300.00
$1,750.00

Purdue University, West Lafayette, Indiana (2 trips/1 person) July, 1997

- . PURPOSE: Technical Discussion

Airfare $ 400.00
Lodging 100.00
Sustenance (1 1/2 days) 100.00

$ 600.00 (x 2 = $1,200)
TOTAL FOR YEAR 2 = § 2950.00

19%#9¥P6%L1ET
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YEAR THREE

International Conference on SiC and Related Materials
Germany or Sweden, 1998 (1 trip/1 person)

Airfare ~ $ 1,000.00
Lodging 1,000.00
Registration 300.00
Miscellaneous (7 days) 305.00

$2,600.00

Purdue University, West Lafayette, Indiana (1 trips/1 person) July, 1998
PURPOSE: Technical Discussion

Airfare $ 400.00
Lodging 70.00
Sustenance (1 1/2 days) 30.00

| § 500.00

TOTAL FOR YEAR 3 = $ 3100.00

YEAR FOUR

Device Research Conference and Electronic Materials Conference
Cornell University, Ithaca, New York (Tentative)

- Airfare $ 350.00
Lodging . , 325.00
Registration 250.00
Sustenance (7 days) 200.00

$1.125.00 (x 2 = $2.250)
TOTAL FOR YEAR 4 = § 2250.00

YEAR FIVE

Device Research Conference and Electronic Materials Conference
Santa Barbara, California, June 1996 (1 trip/1-1/4 people)

Airfare $ 860.00
Lodging 350.00
Registration 250.00
Sustenance (7 days) 340.00

$1,800.00 (x 1.25 = $2,250)
TOTAL FOR YEAR 5 = $ 2250.00

a1 "InYd 1PPabaP/L IR
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CREES

{ ¢

R E S E AR CMH * 1 N C

2810 Meridian Parkway

Durham, N.C. 27713 USA DATE: 8/18/85

FROM: John Bock
fax # {919) 361-463D

telephane: (919) 361-5708 #PAGES: 8
COMPANY NAME: Office of Naval Research | RE: Requested Information
ATTENTION: Ms. Curtissa Coleman __ URGENT
FAX NUMBER: (703) 6396-0993 _X_ CONFIDENTIAL

SUBJECT PROPOSAL: Manufacturable Power Switching Devices

Per your request for additional information, please see attached pages. In this revised budget
we used overhead rates based on our FY 1996 Budget. (Our fiscal year runs July 1 through
June 30.) 1 have included a brief explanation of the pool and base for each of our overhead
rates

| can be reached at the numbers above if | can provide any further assistance.

IOoYd BESPIQEBIS Al HodvISTA FIAD:WOAS SET: vl SE-E£T-DNY
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ID-85193614630

Cree Research, Inc.
Indirect Rate Struclure

P&T Fringe Benefil Rale

P&T Overhead Hate

Mig. Admin. Overhead
Rate

R&D Fringe Benefit Rate

R&D Overhead Rale

G&A Overhead Rale

Pool

Base

Companywide Fringe Benefits
Pool accumulated on general
ledger

P&T Overhead Pool
accumulated on general

Mfg. Admin. Overhead Pool
accumulated oh general
ledger

Companywide Fringe Benefits
Pool accumutaled on general
ledger

A&D Overhead Pool
accumulated on general
ledger; excluding IR&D items
recovered in G&A Rate

G&A Overhesad Pool
accumulated on genseral
ledger; including IR&D tems
to be recovered [n G&A Rate

Companywide Labor Base accumulated on
general ledger. Base s comprised of Indirect
and Direct labor for all cost centers. Overtime &
commissions are not pant of an equitable base
for allocating fringes.

P&T Labor Base accumulated on genseral ledger

Total Mfg. Cost Input; includes Mfg. Cost
Centers from Crystal Growth To P&T

See above.

R&D Labor Base accumulaled on general ledger

CONFIDENTIAL

“The information contained in this document i
proprietary and confidential information of
Total Cost Input (e Research, Inc. and may not be disciosed,
reproduced cr used in any manner W}lir\oujtr the
prior written consent of the Company.



Cree Research, inc.
FY's6 Budgeted Overhead Rates

FY‘96 ACTUAL
BUDGETED FY1985
POOL BASE BATE BATE
A,

Benefi te
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Ttem 7 - Travel

a. 1 Day 2 Person, Trip to Washington, DC (2 per year)
Airfare - RDU to Washington National (RT) is $200 x 4 = $800
Per Diem - $35 x 4 = $140

b. 1 Day 3 Person Trip to Purdue (3 per year)
Airfare - RDU to West Layfayette (RT) is $538 x 6 = $3,228
Per Diem - $35x 9 = §315
Lodging - $85 x 3 = $255
Rental Car - $40 x 3 =§120

c. 4 Day 2 Person East Coast Confercace (1 per year)
Alrfare - RDU to Boston (RT) is $620 x 2 = $1,240
Per Diem - $35 x 8 =$280
Lodging - $110 X 4 = §440
Rental Car - $44 X 4 = §176
Conference Registration Fee - $300 x 2 = 3600

d. 4 Day 2 Person Overseas Conference (1 Year 2: 1 Year 4))
Airfare - RDU to Frankfurt (RT) is $1,400 x 2 = $2,800
Per Diem - $60 x 10 =$600
Lodging - $140 x 4 = $560
Other Transportation - $200
Registration Fee - $250 X 2 = $500

In Years 1, 3, and 5 the trips listed in &), b) and c) will be taken at a cost of $7,594 per year. In
Years 2 and 4, we will attend the International Conference on Silicon Carbide and Related
Materials, which will be held overseas jn these ycars apd is shown in d}, in addition to those trips
listed in a), b), and c) at a cost of $12,254 per year.
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Dr. Al Goodman

Office of Naval Research, ONR-312
800 North Quincy Street

Arlington, VA 22217-5660

Dear Dr. Goodman:

In reference to our proposal entitled “Manufacturable Power Switching Devices” (Purdue

proposal DSP Y165), we wish to modify the proposed start date to read “29 September 1995 or
any time within 60 days thereafter.”

Sincerely,

James A. Cooper, Jr.
Professor of Electrical and

Computer Engineering

Louis Pellegrlno

Associate Director
Division of Sponsored Programs

Electrical Engineering Building ¢ West Lafayette, IN  47907-1285 < FAX (317) 494-6441
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REF: DSP No. Y165 July 10, 1995

Dr. Al Goodman

MURI '95/ONR 312

Office of Naval Research

800 N. Quincy Street, Room 607
Arlington VA 22217-5660

Dear Dr. Goodman:

Enclosed please find four (4) copies of a revised budget for the proposal entitled
Manufacturable Power Switching Devises.

Any award resulting from this proposal should be made to Purdue Research
Foundation.

Please refer technical questions to Professor James A. Cooper, Jr. at Purdue
University, West Lafayette, Indiana (317/494-3514). Fiscal questions should be
referred to Ms. Kathleen Poindexter, Assistant Project Administrator, Office of
Contract and Grant Business Affairs, Purdue University, West Lafayette, Indiana
(317/494-1078). If | can be of assistance, | can be reached at 317/494-6200.

Favorable consideration of this proposal will be appreciated.

Sincerely,

Louis Pellegrino, Ph.D.
Associate Director
Division of Sponsored Programs

Enclosures

cc: ). A. Cooper
M. R. Melloch
J. M. Woodall
J. L. Gray

D. Landgrebe
W. H. Stevenson

1021 HOVDE HALL ®* WEST LAFAYETTE, IN 47907-1021
(317) 494-6200 * TELEFAX (317) 494-8323



o

caTNumsEs: L2 12O - - O [ mc L_‘Lz;é,__ AMOUNT: L)M‘-Q

Ta: ONR2ZS

Date: [4- th ‘1'\ .
1. Performer R} ROUE l\gbuxkc‘ i FL YORDATIT CA) C‘T‘\mﬁ OOP G C\>
2. Incremental funding: yes _'_":710

3. Insmument Type:

_._./comrac: . — project direcive
& grant work request

govemment order — request for contractual procurement

— purchase order ) operanng budgat

— OMNI contract (’f one of the 4 above, forward direczty to ONA 82)

4. Basis for selection:

unsalicited " Broad Agency Announcement solictation
sole sourcs — RFP solicitaton

— Other (piease specify)

o

5. Fiscalyear (995 and expiration date of the funcs 9 O gti?k (‘TC{ S

(please forward to ONR 25)

Approval 4 /:\ Disapprovai

Extansion is required until

_._>(__ Extension is not required.

and Grant Awards Qyﬁson
(please forward to ONR 82)




u\\ﬁ

{M B g’,«'-
+* CONFIDENTIAL ** - page 2
Table of Contents
- N5 £ v Vot SO O OO 3
2. Overview Of the Proposal.....c.ouceiinniisrise i et sssces st sss s s s b s et esb et nssnor 4
3. Introduction and Background..........ceivucinenirienstrsnineieissessste s esssens e s ersnsesesssssaessanes 5
4. Status of SiC Device TECHNOLOZY ..vevoiriviren i scteeient et ceetneesrcsersesessesnssesssssosssssssssssvssssanns 6
4.1, RECENE HESIOIY cuerverreererreereeasesreasesreressesssssssssessesessisesssssssessesassssssrssmossessossssrsneesaeessessen 6
4.2. Status of SiC Fabrication TEChNOIOZY ...ccoverirvicsmiieniiiciiainiiinceis s cmsressnisseessasssaneas 7
4.3, Status of SiC Device DevVEIODPINERL ..ottt ettt st ena oo 5
5. Issues in Developing Power Devices I SiC .. eimiiieiiriniiesennennisctns st 12
6. Status of III-V Nitride Material TeChNOIOZY «.cceeveevererercrictirt it e 15
6.1 HI-V Nitride Epitaxy by MOCVD ...ttt 15
6.2 II-V Nitride Epitaxy by MBE ...ttt 16
6.3 III-V Arsenides and Phosphides by MBE ..., Seeerernenssanennssnerenese 16
7. RESEATCH PIAN 1viniieeeeeeeeee et catesceee st es s s st sa s a e ebs st e et a b e s e be et sb e s e s a et e e n e s nneas 16
7.1 OBJECHIVES ceevurueereeiriisccssrissentcsistans s ass s rs a4 s s bbb rb s e E s s sE bbbttt s nes 16
7.2 APPLOACH ..cvuieriietiiitic sttt e 16
7.3 Development of Power Device Technology in SiC ... 17
7.3.1 SiC Crystal Growth and Materials IMprovement ........ccocvevencinncsscenesnennens 17
7.3.2 Wide-Area Growth of SiC on SiliCOm .uuevivreririciiniieccrr st 18
7.3.3 Substrate BONAING .......covceeiececccmrremiieniiieisntis e sisnesssssassseisssss e asssa s s anes 19
7.3.4 Adaptive Manufacturing ......c..oeeveeresesmssensisieinieinetsi et 19
7.3.5 Optimization of the Si02-SiC MOS INterface .......cocvvureervecnmvnionnniiniiiinins 20
7.4 Development of Power Device Technology in the II-V Nitrides ....c.ocoveemvnririnnnennnnns 21
7.4.1 MOCVD 0Of TIT-V NHIIAES ..eecveereererenieriiisiiaiiiese st e ssssssesseas e nssaeons 21
7.4.2 MOCVD of SiC/TI-V HeteTOJUNCONS . ..c.cviieieereeriesieciireeserenesnreacassssssneasaeans 23
7.4.3 MBE Of HI-V NILTIAES . ueereueieerirecmneereneresersseesesseeseentontasbenssssssssssessassnssensssnes 23
7.4.4 MBE of P-type GalnP Layers for MOSFET Power Devices.....ooovvncnencncenen. 23
7.4.5 Development of Fabrication Technology for the II-V Nitrides ........cocevoiveness 24
7.5 Device Design, Simulation, and Parameter Verfication ........cvevinnnninnennnees 24
7.6 Device Fabrication and CharacteriZation .......cceveevrccerrncrsieiiisesiesersnssi v sssesscesaensens 25
7.7 Tasks and SCREAUIES ..cououie ettt s sn s s sans s s s e s e en 25
8. Qualifications of Key INVESHZALOTS ....corereerirreincreannsaiesiieirissseteseseennsnsns s sssaesstassasssassesanensass 27
D, TFACTIIEIES .vvevuerevrieerrrereseieaeesasessasemraasesseresscesusssssasesas sobesae b e ss s s m e e s s e nansmbabaas b b e st arassnran e ranerenseasts 31
10. Plans for Student TLAIMNE ....voeececcrererersmiscssirsiisisessns i esses st asasssssssssassassssassassarsasssesssnsss 31
11. Summary of the PrOPOSAL.....ceceirrricricciisici sttt sttt et st en s e sa e ne s 32
12, REFETEIICES wueoueeeeritiesieenrrreeressseesseasasssassstseassessaeeasbe e sae sasesanssanms b sor s e a st saessesbassanssssssssbesannenns 33
13, COSt PIODOSAL .cceiiieeceicnrceteeree st srss st s e n e e e er et sa et e s e me e snsre e anssannarasans 34
T4, FLBHETS oo eeeeesestissssasessssasesssssmnneressrnneenrennsessosas feeiiissieisisssssevesssnseeessanensessseeevansaseasaneern 41
15, TNAEX cereeereerrierierisreeseeeseeeerieestasesse s e eseesbrasass s atsem e o aase e s s aA e bbb S s h s s R e b e e R s aesbe s an Rt ess e n e e sennssaans 43



- .

I

(“,

** CONFIDENTIAL ** page 3

T,

1. Abstract

Power switching devices are reaching fundamental limits imposed by the low breakdown
field of silicon, and substantial improvements can only be achieved by going to semiconductors
with a higher breakdown field. Two materials with higher breakdown fields than silicon are the
wide bandgap semiconductors silicon carbide (SiC) and gallium nitride (GaN), where “GalN" can
also include the ternary compounds AlyGaj_4xN. Recent progress in these semiconductors makes
it seem likely that a manufacturable power device technology can be developed within the next 3
— 5 years. Of the two families, SiC is the most mature and the closest to practical device
implementation.

SiC is unique among compound semiconductors in that its native oxide is SiO9, the same
oxide as silicon. This means that the workhorse power devices used in silicon, i.e. the power
MOSFET, insulated gate bipolar transistor JGBT), and MOS-controlled thyristor (MCT) can all
be fabricated in SiC. However, because of technological differences, power devices in S1C will
be very different from silicon devices, and a direct translation of silicon concepts to SiC is not
always possible. SiC has a breakdown field 8x higher than silicon, and SiC power devices can
have specific on-resistances 100 — 200x lower than similar devices in silicon. However, several
practical problems must be solved before such devices can be realized. Bipolar devices in SiC
(e.g., the IGBT and MCT) suffer from short minority carrier lifetimes, which are typically in the
range of 40 — 400 ns. As a result, the highest current gains yet reported in SiC bipolar transistors
are in the range of 10 — 12. To build high-performance bipolar switching devices in SiC, it will
be necessary to increase the minority carrier lifetimes. We propose to do this by a tightly-
coupled program of materials research and defect characterization. For MOS devices (including
IGBT’s and MCT’s), the quality of the oxide/semiconductor interface is crucial. The best SiC
MOS devices achieved to date have interface state and fixed charge densities about 3x higher
than silicon devices. Because the SiC crystal lattice is anisotropic, surfaces perpendicular to the
c-axis have either all silicon atoms (the Si-face) or all carbon atoms (the C-face), while surfaces
perpendicular to the a-axes have equal numbers of silicon and carbon atoms. MOS interfaces
formed on sidewalls perpendicular to the a-axes have interface state and fixed charge densities
about 10x higher than on the Si-face. These surfaces form the active interface in vertical power
UMOSFET’s. To build high-performance MOSFET’s in SiC, the MOS interfaces need to be
improved, especially interfaces on the a-axis sidewalls. We note that the best SiC bipolar
transistors, the best SiC thyristors, the best SiC UMOSFET’s, and the best MOS interfaces have
all been achieved by members of our research team,

The compounds GaN and AlGaN have high breakdown field and high carrier mobility,
and would appear to be ideally suited for power device implementation. However, these III-V
nitride compounds do not possess a native oxide similar to SiOz, so true MOS devices will not be
feasible. In addition, the nitrides suffer from the lack of a suitable lattice-matched substrate for
crystal growth, and hence the material is in a more primitive state of development than SiC. We
believe the nitrides offer great potential for power devices, assuming that several fundamental
material problems can be solved. In the nitride portion of this proposal we will concentrate on
solving these materials problems. We note that the highest quality GaN grown by any technique
on any substrate has been achieved by a member of our research team.

We have assembled a world class team consisting of the leading experts in power device
design, SiC and III-V device fabrication, SiC materials research, SiC MOS research, and III-V
nitride materials research. Our goal is to enhance the competitiveness of US companies relative
to the growing activities in Europe and Japan, and we have involved several leading US
companies in our program. These relationships include student internships with Motorola, a joint
feasibility study with Delco Electronics, and the inclusion of Cree Research as a full partner on
our team. We understand the technical problems which must be solved, and we have creative
approaches to each of these problems. Most importantly, our proposal provides a direct path to
take wide-bandgap power device technology from research to development to commercial
production through the participation of Cree Research.
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2. _Overview of the Proposal

Silicon carbide materials and device techmology has matured to the point that
development and manufacture of power switching devices can be seriously contemplated. Our
proposal offers a direct path to take SiC devices from research to development to manufacture.
Power device design will be conducted by T. Paul Chow of Rensselaer Polytechnic Institute
(formerly a member of the GE power device group). SiC device fabrication will be conducted by
James A. Cooper, Jr. and Michael R. Melloch of Purdue University. Cooper and Melloch
have been leaders in the fabrication of novel SiC devices since 1991. Power devices developed
under this program will be manufactured and sold by Cree Research. Michael G. Spencer of
Howard University will investigate wide-area growth of SiC directly on silicon wafers, and
Delco Electronics will collaborate in a study of the feasibility of processing SiC wafers on
existing silicon fabrication lines. The main development path for SiC power devices is
illustrated below. :

T. P. Chow
Device Design

~~

J. A. Cooper
M. R. Melloch

; et Delco Electronics
M. G. Spencer Device Fabrication Adaptation to

Wide Area Growth {} Silicon Process Lines

1 Cree Research \
Wmmme- -] Manufacture | ~ = = = -

7

SALES of
Commercial Devices

The TII-V nitride materials GaN, AIN, and the ternary AlGaN show great promise for
power device applications in the long term, but several materials and fabrication problems need
to be solved before these devices can be commercialized. Materials research on growth of II-V
nitrides will be conducted by Russeil D. Dupuis and Ben G. Streetman of the University of
Texas at Austin. Dupuis will investigate growth by MOCVD, and Streetman will study novel
approaches to growth by MBE. Cree Research will act as a third source of nitride material for
this project, and, pending success of this program, will eventually manufacture and market these
devices. Jerry M. Woodall, formerly of IBM and now at Purdue University, will apply 30 years
of materials research experience to developing processing technology for the nitrides. Paul
Chow will study novel device designs for the III-V nitrides, and James Cooper and Michael
Melloch will conduct device fabrication. The III-V research plan is illustrated below.

T. P. Chow J. M. Woodall
Device Design Process Development
R.D.Dupuis | J. A. Cooper :# Cree Research

B. G. Streetman M. R. Melloch |4 Materials Research
Materials Research 4—_—_ Device Fabrication [N—] and Development

"%

SALES of
Commercial Devices




*+ CONFIDENTIAL ** - page 5

,’”‘*w\

3. Introduction and Background

The ideal power switching device would conduct infinite current with zero voltage drop
in the on-state and block infinite voltage with zero leakage current in the off-state. The device
could be switched from the conducting to the blocking state in zero time by a control voltage
driving an infinite input impedance. Real devices, of course, have a non-zero specific on-
resistance, RoN,sp [Q-cm?] and a non-infinite blocking voltage VAx.

Semiconductor switches can be realized in many forms: bipolar junction transistors
(BIT’s), insulated-gate bipolar transistors (IGBT’s), MOS field-effect transistors (MOSFET’s),
and a variety of thyristors and MOS-controlled thyristors (MCT’s). Despite operational
differences, each of these devices withstands the large blocking voltage in the off-state using a
reverse-biased pn junction. In order to keep the peak electric field in the junction below the
critical field for semiconductor breakdown EpRr (which is a fundamental property of the
semiconductor material), one side of the pn junction is very lightly doped and very thick, so that
the depletion region extends many microns when the junction is reverse biased. This lightly-
doped region is referred to as the “drift region”. Unfortunately, the resistance of the thick,
lightly-doped drift region usually dominates the overall device resistance in the on-state.
Therefore, one faces a trade-off: higher blocking voltages in the off-state inevitably result in
higher resistances and larger voltage drops in the on-state.

Silicon power devices have reached the point where practical devices are now
approaching the theoretical limit imposed by the silicon breakdown field EpRr. To make further
progress, it will be necessary to circumvent this fundamental limitation by building devices in a
semiconductor with a higher breakdown field. Two materials which have substantially higher
breakdown fields than silicon are silicon carbide (SiC) and the ternary compound aluminum
gallium nitride (AlxGa-xN). Considerable progress has been made in both material systems in
the last several years, but at this point in time the most mature system is SiC.

SiC is one of the hardest and most thermally stable materials known to man. It is also the
only compound semiconductor that can be thermally oxidized to form a high quality native
insulator: SiO;. The availability of this thermal oxide makes it possible to fabricate MOSFET’s,
IGBT’s, and MCT’s in SiC. Equally important for power switching devices, SiC has a
breakdown field Egg that is about eight times higher than silicon.

Since the peak electric field can be 8x higher than in silicon, SiC switching devices can
be fabricated with a drift region about 8x thinner than comparable silicon devices. If the drift
region is 8x thinner, the doping of the drift region can be about 12x higher. The resistance of the
drift region is proportional to the thickness and inversely proportional to the doping, so the
specific on-resistance of a SiC device can be from 100 - 200x smaller than a comparable silicon
device of equal voltage rating. This means the SiC device can be 100 - 200x smaller than the
comparable silicon device. Alternatively, if the SiC device has the same area as the comparable
silicon device, its specific on-resistance will be 100 - 200x lower.

Although it offers substantial advantages over silicon, SiC is still immature as a
semiconductor material. Single crystal wafers of SiC have only been commercially available
since 1991, and a number of technical problems need to be addressed before SiC can supplant
silicon in power device applications. The main problems are related to crystal growth of SiC
materials. Because of the very high melting point, single crystal boules cannot be pulled from a
melt as in the Czochralski method used for silicon. Instead, the boule is grown on a seed crystal
by a high temperature sublimation process pioneered in the USSR and introduced commercially
in the US by Cree Research, Inc. At present, the boules grown by the sublimation process are
limited to about 2 inches in diameter, much smaller than the 6 to 8 inches common in the silicon
industry. In addition, the material still has a relatively large number of defects. These defects
include micropipes, micron-size boles which run completely through the wafer. Fortunately, the
micropipe problem appears to be under control, with micropipe densities as low as 27 cmZ in the
most recent wafers, and at the current rate of improvement micropipes should be completely
eliminated within 3 to 5 years. The remaining defects may still pose a manufacturing problem
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for power devices, since they limit the size of device which can be manufactured with reasonable
yield. We will propose a novel approach called “adaptive manufacturing” that will allow us to
achieve high yield on large power devices even in the presence of material defects.

SiC crystallizes in the hexagonal lattice with alternating planes of silicon and carbon
atoms. The Si-C plane-pairs can occur in three orientations, labeled A, B, and C. The particular
stacking sequence of Si-C plane-pairs identifies the polyfype of the crystal. SiC occurs in a
variety of polytypes, but the most common are 3C, 4H, and 6H. At the present time, the 6H
polytype is the most thoroughly characterized, but the 4H polytype is more attractive for power
devices because of its higher electron mobility. In this program we will investigate both the 6H
and 4H polytypes, but we will place our major emphasis on the 4H polytype.

Although it has a much higher breakdown field than silicon, SiC has lower hole and
electron mobilities and shorter minority carrier lifetimes. The shorter lifetimes allow bipolar
devices in SiC to switch much faster than comparable silicon devices, but they limit the current
gain of SiC bipolar transistors to very low values, typically less than 20. In order to improve
the performance of bipolar devices, we need to increase the minority carrier lifetimes in
SiC. For high-speed switching with low forward voltage drop, the best SiC device will be a
power MOSFET. However, to develop a manufacturable MOSFET process, we need to
understand and optimize the MOS interface between thermally grown SiO2 and SiC. We
also need to investigate the long term stability and reliability of the interface under high-field
stress conditions. Purdue is currently recognized as a world leader in SiC MOS technology,
having produced SiO5/SiC interfaces with the lowest interface state and fixed charge densities
ever reported.

The III-V nitride semiconductors in the AlyGaj N family have superior electrical
properties which should make them ideally suited for power device applications. Calculations

predict a saturation velocity of 2.8x107 cm/s and a low-field mobility of 800 cm?/Vs for
electrons in GaN [1]. Although not yet confirmed, the breakdown field is expected to be at least
comparable to SiC. In addition, the availability of heterojunctions in this material system may
permit the fabrication of novel devices such as heterojunction bipolar transistors (HBT’s) and
heterojunction field-effect transistors (HFET’s), and the high dielectric constant of AIN (~9.1)
will enhance the transconductance of field-effect devices.

At the present time, the ITI-V nitrides suffer from serious problems with material quality,
mostly arising from the lack of a suitable lattice-matched substrate for epitaxy. To develop
practical power devices in the III-V nitrides, we need to solve these materials problems.
Our TII-V nitride materials rescarch will be led by R. D. Dupuis and B. G. Streetman at the
University of Texas at Austin, where Dupuis has produced the highest quality GaN grown by any
technique on any substrate. Cree Research is currently developing 1-V nitride technology for
blue light-emitting diodes (LED’s), and will act as a third source of material for this project.

4. Status of SiC Device Technology

4.1. Recent History

Cree Research was founded in 1987 to bring SiC semiconductor materials and device
technology to the commercial market. The founders were able to attract start-up capital because
of their strong patent position in the growth technology for single-crystal SiC. Sales of the
company’s initial product, a SiC blue light emitting diode (LED), were beyond expectations, and
Cree is now shipping over one million blue LED’s per month. In 1991, Cree began commercial
sales of 1 inch diameter wafers of the 6H polytype of SiC. The availability of these wafers
sparked a number of research and development programs worldwide, particularly in Europe and
Japan. Our MURI proposal is designed to strengthen the position of US companies with
respect to European and Japanese competitors in this strategic enabling technology.
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Purdue became involved in SiC device development when J. A. Cooper and C. H. Carter
met at a BMDO program review in June 1990. For several years, Purdue had been working on
one-transistor dynamic memories in GaAs under BMDO sponsorship. The GaAs program had
been highly successful: since the beginning of the program, Purdue had increased the room
temperature storage time of the GaAs memory cells from 30 sec to over 10 hours, equivalent to
an order of magnitude improvement every two years. Under the encouragement of M. N. Yoder
of ONR, Purdue and Cree submitted a joint proposal to develop similar memory cells in SiC,
where the large bandgap would permit long-term nonvolatile storage. Under a $4.2M BMDO
program, which was awarded in March 1993, Purdue and Cree have collaborated on fabrication
technology and novel devices in SiC, solving many of the technological problems associated
with new SiC devices. As a result of this activity, Purdue has assembled the largest SiC
research group of any university in the country. Cree also has a substantial device
development program in-house. Very recently Cree received commitments from ARPA for a
new $6.9M materials research program to improve SiC crystal growth technology. We believe
that our history of collaboration and our current SiC research activities place us in au eacellent
position to develop SiC power switching devices under the MURI program.

4.2. Status of SiC Fabrication Technology

Because SiC has such high thermal stability and is resistant to all known chemical
etchants, SiC device processing often requires different techniques from those normally used in
silicon processing. The seven basic unit processes are:

a. Epitaxy e. Deposition of thick field oxides
b. Selective-area doping f. Ohmic and Schottky contact formation
c. Anisotropic etching g. Metal and polysilicon deposition

d. Thermal oxidation

(a). Epitaxy of SiC is normally accomplished by chemical vapor deposition (CVD). Cree
Research sells both 4H and 6H-SiC wafers with customer-specified epilayers. These layers can
be nitrogen doped (n-type) or aluminum doped (p-type) at doping levels from 1014 em3 to >
1020 ¢m-3. Howard University conducts research in wide-area growth of 3C-SiC on Si wafers,
and Purdue is currently installing an Aixtron ATX 200/4 MOCVD system for SiC epitaxy.

(b). Selective-area doping is accomplished by ion implantation. This is necessary because
thermal diffusion coefficients in SiC are too small for diffusion of impurities to be practical. SiC

can be implanted to >1019 cm3 with nitrogen (n-type) and with either boron or aluminum (p-
type). Implantation is conducted with the wafer at an elevated temperature, and the implants are
activated at 1200 — 1500 °C in argon. (Note that at 1500 °C, a silicon wafer would melt!)
Purdue and Cree use an external vendor for ion implantations, but perform activations in-house
at both locations.

(c). Anisotropic etching is by RIE. Any fluorinated gas can be used, including NF3, SFg, efc.
The Purdue system employs SFg while Cree uses NF3. An early problem reported by several
investigators was micromasking caused by aluminum particle contamination during RIE of SiC.
We have eliminated this problem by adding a graphite cover plate over the aluminum cathode in
the RIE chamber. We now obtain highly anisotropic profiles in 6H-SiC to a depth of tens of
microns. The surface morphology of the etched surfaces is good.

(d). Thermal oxidation. MOS oxides are critical elements of most semiconductor devices,
particularly power devices, and Purdue is widely regarded as the leader in MOS oxidation of
SiC. The important figures of merit are the interface state density DiT, the fixed charge density
Qg, and the breakdown field Epox.





